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AXIAL GAP ELECTRONIC MOTOR 



5 FIELD OF THE INVENTION 

[0001] The present invention relates to an axial gap electronic motor including 
a stator and rotors which are each formed into substantially a disc shape, and 
disposed opposingly at the same rotary shaft with predetermined gaps, and more 
particularly, to an axial gap electronic motor having a stator which is assembled 

10 by a plurality of pole members. 



BACKGROUND ART 
[0002] An axial gap electronic motor is an electronic motor in which a pair of 
rotors are opposingly disposed in an axial direction at both sides of a disc-shaped 

15 stator with predetermined gaps, as shown in, for example, prior art example 1 
(Japanese Patent Application Publication No. S60-128838). This axial gap 
electronic motor can be shortened in its length in the axial direction as compared 
with a radial gap electronic motor, and includes the advantage of being capable of 
making the electronic motor itself thin. 

20 [0003] Incidentally, in the conventional axial gap electronic motor, a stator is 
formed by integrally molding an entire body including teeth and a bearing portion 
with a resin, after a bearing portion for a rotor output shaft is coaxially disposed 
in its inner circumferential portion, after a coil is wound around each groove of 
the teeth (iron core) formed into a ring shape. 

25 [0004] However, the stator as in the above described prior art has the 
following problem in manufacturing. Namely, the teeth is in the ring shape, and 
therefore when the coils for three phases, for example, are wound around it, it is 
necessary to wind the coil of each phase every two layers while rotating the teeth. 
This requires introduction of a special, expensive and exclusive automatic 
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winding machine. 

[0005] It is necessary to bind a connecting wire of each phase by a binding 
band after the coil is wound around the teeth, but it is difficult to automate the 
operation, and therefore the operation is performed manually in the prior art. 
5 Accordingly, productivity is low, and reduction in cost by mass production cannot 
be attained. 

[0006] For example, in prior art example 2, (Japanese Patent Application 
Publication No. 2000-253635) a ring-shaped ring spool and six small spools to be 
mounted to the ring spool are included, and a stator is easily assembled by 

10 mounting a first stator iron core and a second stator iron core, which are the result 
of dividing of a stator iron core into two, from both sides of the ring spool. 
[0007] However, for example, in the method described in the prior art 
example 2, the coil is wound around the iron core after the iron core is assembled 
into the ring spool, and therefore not only the winding of the coil is complicated, 

15 but also the line diameter of the coil is limited. 

[0008] Beside them, for example, prior art example 3 (Japanese Patent 
Application Publication No. H06-327208) discloses a stator structure of an axial 
gap electronic motor in which a plurality of stator blocks fixed with a resin are 
arranged concentrically along a space between an inner case and an outer case, 

20 but this prior art example does not have positioning means for accurately 
positioning the stators, and therefore positioning on fixing the stator with a resin 
is difficult. 

[0009] As described in, for example, prior art example 4 (Japanese Patent 
Application Publication No. 2002-84698), the method, in which after the stator 
25 core is divided and connected in a bar shape, it is assembled to bend it in an 
annular shape, is generally performed in a radial gap motor. However, in an 
axial gap electronic motor, the method of forming the stator by dividing it into 
each tooth, and finally forming it in an annular shape is not found out yet. 

30 SUMMARY OF THE INVENTION 
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[0010] The present invention is made to solve the aforementioned object, and 
its objects is to make it possible to perform an assembling operation of a stator 
thereof including a connecting wire settlement and the like efficiently in an axial 
gap electronic motor. 

5 [0011] In order to attain the aforementioned object, the present invention is, in 
an axial gap electronic motor including a stator and a rotor each formed 
approximately in a disc shape and disposed opposingly at a same rotary shaft with 
a predetermined gap, characterized in that the above described stator comprises a 
plurality of pole members annularly connected, and each of the above described 

10 pole members comprises connecting means for connecting adjacent pole members. 
[0012] The present invention is characterized in that each of the above 
described pole members has a stator iron core; a bobbin-shaped insulator 
including a pair of left and right flanges for winding a coil is integrally formed at 
the above described stator iron core; and the above described insulator is provided 

15 with connecting means for connecting each of the above described adjacent pole 
members. 

[0013] As a preferable mode of the present invention, the above described 
flanges are formed to be larger than winding width of a coil which is wound 
around the above described insulator. 

20 [0014] According to this, one stator is built by combining a plurality of pole 
members with each other, whereby as compared with the case in which the stator 
is integrally formed, assembling easiness, productivity and motor characteristics 
are all improved dramatically. By providing the insulator, not only winding 
easiness of the coil is increased, but also assembling easiness of the individual 

25 pole members is improved. The projection areas of the flanges are designed to 
be the same at the left and the right, whereby the number of wire windings can be 
fixed. Namely, flux distribution density per unit area can be made fixed, and a 
motor with small iron loss and cogging torque can be made. The winding width 
in the present invention means thickness in a winding direction of the coil. 

30 [0015] The present invention is characterized in that a rotatable first engaging 
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member comprising a combination of a boss and a bearing recessed portion for it 5 
which are provided at outer circumferential sides (and/or inner circumferential 
sides), seen from a center of the above described stator, on an opposing surface of 
the above described flanges of the above described adjacent pole members, is 
5 included as the above described connecting means. 

[0016] According to this, as the connecting means, the engaging member 
comprising the boss and the bearing recessed portion for it is engaged at the outer 
circumferential side and/or the inner circumferential side, seen from the center of 
the stator, of the opposing surfaces of the flanges of each of the adjacent pole 

10 members, whereby positioning can be performed easily. 

[0017] The present invention is characterized in that the above described 
insulator comprises a single insulating material. According to this, all except for 
the tooth portion is built of the single material, whereby not only molding 
easiness and productivity are increased, but also recyclability after being recovered 

15 as a waste, for example, is remarkably increased. 

[0018] As for a more preferable mode, the above-described insulator 
comprises at least two separate division parts, and each of the above described 
division parts is formed to sandwich the above-described stator iron core with 
each other. According to this, by dividing the insulator, they can be produced 

20 individually, and therefore productivity, cost, product quality can be improved as 
compared with the case in which it is designed to be integrated with the stator 
iron core. 

[0019] The present invention is characterized in that a connecting wire support 
member for supporting a connecting wire laid between the pole members is 

25 integrally provided in at least one of the above-described flanges in each of the 
above-described pole members. As a more preferable mode, it is preferable that 
the above described connecting wire support member is provided to jut out to a 
side of the above described flange, and a connecting wire housing groove for 
catching the above described connecting wire is formed on the above described 

30 connecting wire support member. 



4 



[0020] According to this, settlement of the connecting wire can be performed 
at the same time. As for the preferable means for supporting the connecting wire, 
the connecting wire housing groove for catching the connecting wire is formed, 
and the connecting wire is laid along the groove to be housed therein. 
5 [0021] As a further preferable mode of this, in at least part of the above 
described connecting wire housing groove, groove width of an opening is formed 
to be narrower than groove width of an inside so that the above described 
connecting wire cannot easily fall off, and more concretely, it is preferable that 
the above described connecting wire housing groove comprises a groove with an 

10 approximately C-shaped section. 

[0022] According to this, so-called "return" is formed at an outlet and an inlet 
port portions of the housing groove, and therefore the connecting wire does not 
easily fall off from the connecting wire housing groove by the vibrations and the 
like during assembly and transportation. As a concrete shape, the groove with an 

15 approximately C-shaped section is preferable. 

[0023] The present invention is characterized in that a number of said 
connecting wire housing grooves, which are provided, corresponds to at least a 
number of phases, and therefore the number of connecting wire housing grooves, 
which are provided, corresponds to at least the number of phases. According to 

20 this, coils of three-phases of U-phase, V-phase and W-phase can be wound around 
each of the stator cores in sequence, as, for example, a three-phase motor. 
[0024] The present invention is characterized in that in a case in which at least 
two of the above described connecting wire housing grooves are provided at the 
above described connecting wire support member, one of the connecting wire 

25 housing grooves is disposed at an upper surface side of the above described 
connecting wire support member and the other connecting wire housing groove is 
disposed at a lower surface side of the above described connecting wire support 
member. According to this, danger of the connecting wires of different phases 
contacting each other and shorting out can be prevented. 

30 [0025] As a more preferable mode, the above described connecting wire 
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support member is provided with a twining portion around which a winding start 
end of a coil that is wound around the above described stator iron core and a 
winding terminal end of the coil are wound. As a further preferable mode, the 
above described twining portion has a first rod portion at a side of the winding 
5 start end of the above described coil and a second rod portion at a side of the 
winding terminal end of the above described coil, and a stopper with an extended 
diameter for preventing coil from falling off is formed at a head portion of each 
of the above described rod portions. 

[0026] According to this, by winding the part of the coil around the twining 
10 portion, not only the length of the connecting wire can be optionally adjusted, but 
also the coil can be effectively prevented from getting loose during transportation, 
housing and the like. 

[0027] As another mode, it is preferable that in a case in which at least two of 
the above described twining portions are provided at the above described 
15 connecting wire support member, one and the other of them are disposed at 
positions with different heights, and according to this, the coil of each phase can 
be prevented from contacting each other. 

[0028] The present invention is characterized in that coil catching grooves, 
through which a part of the coil passing from the first rod portion at the side of 

20 the winding start end of the above described coil to an inside of the above 
described insulator and a part of the coil passing from the inside of the above 
described insulator to the second rod portion at the side of the winding terminal 
end of the above described coil are passed, are formed at an upper edge of the 
above described flange. According to this, the coil wound around can be 

25 smoothly guided to the twining portions from the insulator. 

[0029] The present invention is characterized in that the above described stator 
iron core is provided with a skew inclined at a predetermined angle with respect 
to a rotating direction of the above described rotors. As a more preferable mode, 
an engaging member comprising a combination of a boss and a recessed portion 

30 as the above described connecting means is provided on opposing surfaces of the 
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above described flanges of the above described each pole member. As a more 
concrete mode, it is preferable that the above described engaging member is 
provided at an inner circumferential side and/or an outer circumferential side seen 
from a center of the above described stator. 
5 [0030] According to this, the pole members having skews at the teeth are 
connected annularly via the connecting means to be able to construct the stator 
structure, whereby not only the stator can be easily produced at low cost, but also 
cogging torque by the skews can be reduced. 

[0031] The present invention is characterized in that a connecting wire 
10 housing groove for supporting a connecting wire laid between the pole members 
is integrally provided on a side surface of at least one of the above described 
flanges in the above described each pole member. 

[0032] According to this, when each pole member is assembled and integrally 
fixed with a resin, the molten resin flows naturally on the side surface of the pole 

15 member, and therefore the molten resin can be uniformly spread entirely. 

[0033] The present invention is characterized in that the above described 
connecting wire housing groove is made thinner at an open end portion than at the 
other portions. According to this, when the molten resin is poured, the 
thin-walled portion is softened by the heat, and holds the connecting wire inside 

20 to wrap it up, and therefore the connecting wire is further prevented from falling 
off. 

[0034] As a more preferable mode, in a case in which the above described 
connecting wire housing grooves are placed side by side at two spots or more, the 
above described connecting wire housing grooves are placed so that height 
25 positions differs via a step portion, whereby flow of the resin becomes more 
smooth. 

[0035] As a more preferable mode, the above described connecting wire 
housing groove is provided with catching grooves for catching part of the coil by 
hitching it, whereby the connecting wire can be prevented from loosening during 
30 transportation and assembly by hitching part of the connecting wire at the 
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catching groove. 

[0036] As a further preferable mode, in the above described connecting wire 
housing groove, an outer wall surface at an inner diameter side comprises a 
tapered plane inclined toward a radial direction, whereby flow of the resin can be 
5 further promoted. 

[0037] The present invention is characterized in that resin introducing 
passages for enhancing flow of a resin when pole members are connected to each 
other and integrated by a synthetic resin material, are provided at part of the 
above described insulator. According to this, even if more or less irregularity 
10 exists on a side surface of the flange portions, the pole members can be integrated 
by pouring the molten resin reliably. 

[0038] As a more preferable mode, a pair of the above described rotors are 
provided at a left and a right with the above described stator therebetween, 
whereby by constructing the insulator by dividing it, each of them only has to be 
1 5 produced individually, and therefore, the productivity, cost and production quality 
can be improved as compared with the case in which it is designed integrally with 
the stator iron core. 

[0039] As a more concrete mode, in a case in which the above described pole 
member includes a stator iron core, the above described stator iron core has a pair 

20 of tooth portions opposing the above described rotors and a winding portion 
which is formed between the above described tooth portions and around which the 
above described coil is wound, and the above described tooth portions have same 
projection areas to a left and a right lamination areas with the above described 
winding portion between them. 

25 [0040] According to this, the number of windings of the coil (the area of the 
coil per unit area) can be fixed. Namely, the flux distribution per unit area 
becomes the same, and therefore iron loss and cogging torque can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 
30 [0041] Fig. 1 is a schematic sectional view showing an internal structure of an 
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axial gap electronic motor according to a first embodiment of the present 
invention; 

[0042] Fig. 2 is a side view showing a stator core which the axial gap 
electronic motor of the above described first embodiment includes; 
5 [0043] Fig. 3 is a plan view of the above described stator core; 

[0044] Fig. 4A is a front view of a pole member included in the above 
described stator core, Fig. 4B is a plan view thereof, Fig. 4C is a right side view, 
and Fig. 4D is a bottom view thereof; 

[0045] Fig. 5 is an explanatory view explaining an assembly procedure of the 
10 stator core; 

[0046] Fig. 6 is an explanatory view explaining the assembly procedure of the 
stator core; 

[0047] Fig. 7 is an explanatory view explaining the assembly procedure of the 
stator core; 

15 [0048] Fig. 8 is a schematic sectional view showing an internal structure of an 
axial gap electronic motor according to a second embodiment of the present 
invention; 

[0049] Fig. 9 is a side view showing a stator core which the axial gap 
electronic motor of the above described second embodiment includes; 
20 [0050] Fig. 10 is a plan view of the stator core of the above described second 
embodiment; 

[0051] Fig. 1 1 A is a front view of a pole member included in the stator core 
of the above described second embodiment, Fig. 11B is a plan view thereof, Fig. 
1 1C is a right side view thereof, and Fig. 1 ID is a bottom view; 
25 [0052] Fig. 12 is a sectional view of the pole member of the above described 
second embodiment; and 

[0053] Fig. 13A and Fig. 13B are explanatory views explaining structures of 
stator iron cores of the above described first and second embodiments. 

30 DETAILED DESCRIPTION 
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[0054] This axial gap electronic motor 1 includes a stator 2 forming 
approximately a disc shape, a pair of rotors 31 and 32 opposingly disposed at 
both sides of the stator 2 with predetermined gaps. The rotors 31 and 32 share 
the same rotor output shaft 4 to be connected. The stator 2 includes a bearing 
5 portion 6 for supporting the rotor output shaft 4 in its inner circumferential side. 
A first embodiment is the case in which the present invention is applied to the 
axial gap electronic motor with 12 slots and 8 poles. 

[0055] Actually, the stator 2 5 and the rotors 31 and 32 are housed in a bracket 
(housing) not shown, and the stator 2 is fixed to the bracket at its outer 

10 circumferential side. Accordingly, the rotors 31 and 32 are supported at the 
bracket via the rotor output shaft 4, the bearing portion 6 and the stator 2. 
[0056] The stator 2 includes a stator core 5 formed into an annular shape 
(so-called a donut shape), and the bearing portion 6 coaxially inserted into an 
inner circumferential side of the stator core 5, and they are integrally molded by a 

15 synthetic resin 21. In this example, the bearing portion 6 includes two radial ball 
bearings, but the other bearing means may be adopted. 

[0057] As shown in Fig. 2, the stator core 5 is constructed by connecting a 
plurality of (12 in this example) pole members 5a to 51 to be in an annular shape. 
Each of the pole members 5a to 51 is in the same shape, and in Figs. 4A to 4D, 

20 one pole member 5a among them is extracted and shown. 

[0058] The pole member 5a includes a tooth (iron core) 51 made by 
laminating a plurality of metallic plates in a trapezoidal shape, and around the 
tooth 51, an insulator 50 made of a synthetic resin is integrally formed except at 
both side surfaces thereof. The tooth 51 can be integrally molded by powder 

25 molding other than lamination. 

[0059] The insulator 50 can be formed by insert molding which is performed 
by putting the tooth 51 into a cavity of a molding die not shown and injecting a 
molten resin into the cavity. In this embodiment, an SPS 
(syndiotactic-polystyrene) with comparatively favorable flowability is used as the 

30 molten resin. 
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[0060] In this embodiment, the stator iron core 51 is disposed at a center in 
each of the pole members 5a to 51 5 but the structure of the present invention may 
be applied to a structure which does not have the stator iron core 51, namely, the 
pole members 5a to 51 in which so-called hollow core coils are adopted. 
5 [0061] The entire insulator 50, which includes approximately sector-shaped 
flanges 52 and 53 disposed as a left and right pair along both side surfaces of the 
tooth 51, is formed into a bobbin shape with an H-shaped section. In this 
example, an angle of opening of each of the sector shapes of the flanges 52 and 
53 is 30° (360° /12). With this insulator 50, a coil 7 can be wound around the 
10 tooth 51 regularly, and electrical insulation can be kept between the tooth 51 and 
the coil 7. 

[0062] The flanges 52 and 53 are provided with connecting means for 
connecting the adjacent pole members to each other. In this example, two 
connecting means that are first and second connecting means are included in one 
15 pole member. The first connecting means is provided at an outer periphery side 
of a portion with larger width of each of the flanges 52 and 53, and the second 
connecting means is provided at an inner periphery side of a portion with smaller 
width thereof, in Fig. 4C. 

[0063] The first connecting means includes boss 541a formed at an outer 
20 periphery side of one end edge 501 of each of the flanges 52 and 53, and an 
engaging groove 542a formed at an outer periphery side of the other end edge 
502, and the second connecting means includes a boss 541b formed at an inner 
periphery side of the one end edge 501 of each of the flanges 52 and 53, and an 
engaging groove 542b formed at an inner periphery side of the other end edge 
25 502. 

[0064] The boss 541a of the first connecting means is engaged with the 
engaging groove 542a of the first connecting means at the side of the adjacent 
pole member, and the boss 541b of the second connecting means is engaged with 
the engaging groove 542b of the second connecting means at the side of the 
30 adjacent pole member. 



[0065] In this example, both the bosses 541a and 541b are disposed at the side 
of the one end edge portion 501 of each of the flanges 52 and 53, and the 
engaging grooves 542a and 542b are both disposed at the side of the other end 
edge 502 of each of the flanges 52 and 53, but for example, the boss 541a of the 
5 side of the first connecting means may be disposed at the side of the other end 
edge 502, and the engaging groove 542a may be disposed at the side of the one 
end edge 501 by exchanging the positions of the boss and engaging groove. 
[0066] It is preferable that the bosses 541a and 541b are cylindrical, and the 
engaging grooves 542a and 542b are, for example, C-shaped grooves having a 
10 little smaller openings than the diameters of the bosses so that each of the 
connecting means is capable of being engaged by a proper pressing force and 
allowing relative rotation in the engaged state. 

[0067] The flanges 52 and 53 are provided with connecting wire support 
members 55 and 56 for settling a connecting wire 71 of the coil 7. The 

15 connecting wire support members 55 and 56 are formed to jut out to a side 
portion from an upper end portion of the outer periphery sides of the flanges 52 
and 53. As a result, as each of the pole members 5a to 51 is connected in the 
annular shape, each of the connecting wire support members 55 and 56 is also 
disposed in the annular shape along the side surface of the stator core 2 (see Fig. 

20 2). 

[0068] In this example, the electronic motor has three phases, the connecting 
wire support member 55 at the side of the flange 52 takes charge of the 
connecting wire 71 of the coil 7 corresponding to one phase, and the connecting 
wire support member 56 at the side of the flange 53 takes charge of the 

25 connecting wire 71 of the coil 7 corresponding to the remaining two phases. 

[0069] Consequently, the connecting wire support member 55 at the side of 
the flange 52 is provided with one connecting wire housing groove 551, and the 
connecting wire support member 56 at the side of the flange 53 is provided with 
two connecting wire housing grooves 561 and 562. 

30 [0070] When, for example, the two connecting wire housing grooves 561 and 
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562 are provided as the connecting wire support member 56, it is preferable to 
place the one connecting wire housing groove 561 at the side of an upper surface 
of the connecting wire support member 56 and place the other connecting wire 
housing groove 562 at the side of a lower surface for the purpose of preventing 
tangle and erroneous insertion of the two connecting wires 71. 
[0071] It is preferable that each of the connecting wire housing grooves 551, 
561 and 562 is a groove which is large inside with a narrow inlet port, for 
example, a groove with an approximately C-shaped section so that the connecting 
wire 71 once inserted does not easily slip off. 

[0072] The connecting wire support members 55 and 56 are provided with 
twining portions 58a to 58c for part of the connecting wire 71 to be wound 
around. The twining portions 58a to 58c are provided for the respective 
connecting wire housing grooves. Accordingly, in this example, the one twining 
portions 58a is provided corresponding to the connecting wire housing groove 551 
at the side of the connecting wire support member 55, and the two twining 
portions 58b and 58c are provided corresponding to the connecting wire housing 
grooves 561 and 562 at the side of the connecting wire support member 56. 
[0073] Each of the twining portions 58a to 58c includes a pair of rods 581a 
and 581b provided to protrude from both ends of the connecting wire support 
members 55 and 56 along a circumferential direction of the stator core 2, and a 
stopper 582 with a larger diameter than the diameter of the rod for preventing the 
connecting wire 71 wound around the rod from falling off is formed at a tip end 
portion of each of the rods 581a and 581b. 

[0074] When, for example, the two twining portions 58b and 58c are provided 
as the connecting wire support member 56, it is preferable to place the one 
twining portion 58b and the other twining portion 58c at the positions with 
different heights to facilitate the winding operation for them. 

[0075] Further, a pair of coil catching grooves 59a and 59b for catching both 
ends of the coil 7 wound along the tooth 51 are provided at an upper end of the 
outer periphery side of each of the flanges 52 and 53, whereby the connecting 
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wire 71 can be settled without worrying about loosening of the coil 7 which is 
wound around. 

[0076] Next, an example of an assembling procedure of the stator core 2 will 
be explained with reference to Figs. 5 to 7. In this example, the electronic motor 
5 is a three-phase electronic motor, and therefore it is assumed that among the 12 
pole members 5a to 51 shown in Fig. 2, for example, the pole members 5a, 5d, 5g 
and 5j are for U-phase, the pole members 5b, 5e, 5h and 5k are for V-phase, and 
the pole members 5c, 5f, 5i and 51 are for W-phase. 

[0077] It is assumed that the connecting wire housing groove 551 of the one 

10 connecting wire support member 55 and the twining portion 58a are used for 
U-phase, the connecting wire housing groove 561 of the other connecting wire 
support member 56 and the twining portion 58b are used for V-phase, and the 
connecting wire housing groove 562 of the connecting wire support member 56 
and the twining portion 58c are used for W phase. 

15 [0078] The coil is wound for each phase by an automatic coil winding 
machine not shown, and the coil winding procedure is the same, and therefore 
only the U-phase will be explained here. As shown in Fig. 5, the coil 7 is wound 
from the side of, for example, the pole member 5a for the four pole members 5a, 
5d, 5g and 5j for U-phase, as shown in Fig. 5. 

20 [0079] Namely, a lead Ua of a predetermined length is secured, and a part of 
the coil 7 is wound around the one rod 581a of the twining portion 58a provided 
at the pole member 5a predetermined times. Thereafter, it is caught in the one 
coil catching groove 59a, introduced into the insulator 50, and wound around by a 
predetermined number of turns to form the coil 7. 

25 [0080] Thereafter, a terminal end side of the coil 7 is caught in the other coil 
catching groove 59b to be guided to the other rod 581b and is wound around it 
predetermined times. A connecting wire 71 U corresponding to the length of that 
of two pole members is secured, and it proceeds to the next pole member 5d and 
forms the coil 7 with the same procedure as the above-described pole member 5a. 

30 [0081] After the coil 7 is formed for the remaining pole member 5g, and the 



14 



pole member 5j in the same manner, a leader Ub of a predetermined length is 
drawn from the side of the other rod 581b of the twining portion 58a of the final 
pole member 5j, whereby a coil winding operation for the U-phase is finished. 
[0082] Similarly to the aforementioned procedure, the coils 7 are formed for 
5 the pole members 5b, 5e, 5h and 5k for V-phase, and for the pole members 5c, 5f, 
5i and 51 for the W-phase while they are respectively connected with connecting 
wires 71V and 71W. In this case, the twining portion 58b at the outer side of the 
connecting wire support member 56 is used for the V-phase, and the twining 
portion 58c at the inner side thereof is used for the W-phase. It should be noted 
10 that reference symbols Va and Vb are leaders for the V-phase, and reference 
symbols Wa and Wb are leaders for the W-phase. 

[0083] After the pole member units for the three phases are formed in this 
way, as shown in Fig. 6, the pole members 5a, 5d, 5g and 5j for the U-phase 
which are connected with the connecting wires 71U are disposed in approximately 

1 5 an arc shape so that their outer periphery sides are at an inner side and their inner 
periphery sides are at an outer side, then the pole members 5b, 5e, 5h and 5k for 
the V-phase are disposed adjacently to each of the pole members 5a, 5d, 5g and 
5j, and the pole members 5a and 5b, 5d and 5e, 5g and 5h, and 5j and 5k are 
connected by the bosses 541a and the engaging grooves 542a of their first 

20 connecting means. 

[0084] Next, the pole members 5c, 5f, 5i and 51 for the W-phase are disposed 
in the unoccupied spaces between the pole members as shown in Fig. 6, and as 
shown in Fig. 7, each of the pole members 5c, 5f, 5i and 51 for the W-phase is 
connected to each of the pole members at both sides by the boss 541a and the 

25 engaging groove 542a at the first connecting means as described above. 

[0085] After 12 pole members 5a to 51 are connected in this manner, the pole 
members 5a and 51 located at both ends are turned in the direction of the arrows 
in Fig. 7 so that their outer peripheries are at the outer side, and the pole members 
5a and 51 are connected by the boss 541a and the engaging groove 542a at their 

30 first connecting means. The inner periphery of each of the pole members 5a to 51 
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are connected to each other by the boss 541b and the engaging groove 542b of 
the second connecting means. 

[0086] As a result, the 12 pole members 5a to 51 are assembled annularly as 
shown in Fig. 2, and at this time, the connecting wires are settled at the same 
5 time. Namely, the connecting wires 71U of the U-phase are put into the 
connecting wire housing grooves 551 of the respective connecting wire support 
members 55 of the pole members 5b, 5c, 5e, 5f, 5h, 5i, 5k and 51 in the clockwise 
direction with the pole member 5a as a starting point, for example. 
[0087] Similarly, the connecting wires 71V of the V-phase are put into the 

10 connecting wire housing grooves 561 of the respective connecting wire support 
members 56 of the pole members 5c, 5d, 5f, 5g, 5i, 5j, 51 and 5a in the clockwise 
direction with the pole member 5b as the starting point, for example. The 
connecting wires 71 W of the W-phase are also put into the connecting wire 
housing grooves 562 of the respective connecting wire support members 56 of the 

15 pole members 5d, 5e, 5g, 5h, 5j, 5k, 5a and 5b with the pole member 5c as the 
starting point, for example. 

[0088] Finally, after the bearing portion 6 is inserted in the inner 
circumferential side of the stator core 5, as shown Fig. 1, the outer periphery 
portion and the inner periphery portion of each pole member, and part of the 
20 bearing portion 6 in contact with the inner periphery portion are fixed by the 
synthetic resin 21 by insert molding. 

[0089] Next, with reference to Fig. 8 to Fig. 12, an axial gap electronic motor 
according to a second embodiment will be explained. The portions which are the 
same or regarded as the same as those in the aforementioned first embodiment are 

25 given the same reference numerals and symbols, and the explanation thereof will 
be omitted. The second embodiment is the case in which the present invention is 
applied to an axial gap electronic motor with nine slots and eight poles. 
[0090] This axial gap electronic motor la includes a stator 2 forming 
approximately a disc shape as in the above-described first embodiment, a pair of 

30 rotors 31 and 32 opposingly disposed at both sides of the stator 2 with a 
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predetermined gap, the rotors 31 and 32 share the same rotor output shaft 4, and 
the stator 2 includes a bearing portion 6 for supporting the rotor output shaft 4 in 
its inner circumferential side. This axial gap electronic motor la is also housed 
in a bracket not shown. 
5 [0091] The stator 2 includes a stator core 5 formed into an annular shape 
(donut shape), and the bearing portion 6 coaxial ly inserted into an inner 
circumferential side of the stator core 5, and they are integrally molded by a 
synthetic resin 21. 

[0092] As shown in Fig. 9, the stator core 5 is constructed by connecting a 
10 plurality of (corresponding to nine slots in this example) pole members 5m to 5u 
to be in an annular shape. Each of the pole members 5m to 5u is in the same 
shape, and in Figs. 11A to 11D, one pole member 5m among them is extracted 
and shown. 

[0093] The pole member 5m includes a tooth (iron core) 51a made by 
1 5 laminating a plurality of flat rolled magnetic steel sheets in a radial direction, and 
around the tooth 51a, an insulator 50a made of a synthetic resin is integrally 
formed except at both sides thereof. The tooth 51a may be integrally formed by 
powder molding or the like. 

[0094] The insulator 50a can be formed by insert molding which is performed 
20 by putting the tooth 51a into a cavity in a molding die not shown and pouring a 
molten resin into the cavity. In this embodiment, an SPS 
(syndiotactic-polystyrene) with comparatively favorable flowability is also used as 
the molten resin. 

[0095] In this embodiment, the insulator 50a is formed at the tooth 51a by 
25 insert molding, but, for example, the insulator 50a is constructed by two pieces in 
advance, and they may be mounted from both sides of the tooth 51a with the 
tooth 51 being sandwiched between them. 

[0096] A skew 511a inclined at a predetermined angle along a rotating 
direction of the rotors 31 and 32, in the clockwise direction in this embodiment, is 
30 formed at the tooth 51a. In this embodiment, the skew angle is set at 5° , and 
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according to this, occurrence of cogging torque can be restrained, thus improving 
energy conversion efficiency. 

[0097] The skew 511a is formed in a linear shape with respect to a gap 
surface between the adjacent pole members, but it may be in an arc shape other 
5 than this shape, and the shape of the skew 511a is not especially limited if only 
the effect of restraining cogging torque effectively can be obtained. 
[0098] The insulator 50a includes approximately sector-shaped flanges 52a 
and 53a disposed as a left and right pair along both side surfaces of the tooth 51a, 
and its entire body is formed into a bobbin shape with an H-shaped section. 
10 With the existence of the insulator 50a, a coil 7 can be regularly wound around 
the tooth 51a. 

[0099] The flanges 52a and 53a are provided with connecting means for 
connecting the adjacent pole members to each other. In this example, connecting 
means is provided at inner periphery sides of the flanges 52a and 53a. 

15 [0100] The connecting means is constituted of a boss 541c formed at an inner 
periphery side of one end edge 501 of each of the flanges 52a and 53a, and an 
engaging groove 542c formed at an inner periphery side of the other end edge 
502, and they are engaged with each other, whereby the annular stator core 5 as 
shown in Fig. 9 is formed. 

20 [0101] In this embodiment, the boss 541c and the engaging groove 542c are 
constituted of a rectangular column body and a corresponding rectangular groove, 
and by engaging them with each other, they are also used as positioning means 
for the skew 511a. 

[0102] Connecting wire housing grooves 55a to 55c for settling connecting 
25 wires 71 of the coil 7 are provided at three spots on side surfaces of the flanges 
52a and 53a. In this embodiment, the connecting wire housing grooves 55a to 
55c are respectively formed into an arc shape on the side surfaces of the flanges 
52a and 53a along the outer periphery side, the two connecting wire housing 
grooves 55a and 55b are formed on the one flange 52a and the remaining 
30 connecting wire 55c is formed on the other flange 53a. 
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[0103] As shown in Fig. 12, each of the connecting wire housing grooves 55a 
to 55c is constituted of a U-shaped groove, but more preferably, the groove width 
of an opening is designed to be the same as or smaller than the groove width of 
the inside. According to this, the effect of preventing the connecting wire 71 
5 from slipping off can be obtained. 

[0104] It is preferable that each of the connecting wire housing grooves 55a to 
55c has its tip end portion (open end side) made thinner as compared with the 
other portions. According to this, when each of the pole members 5m to 5u is 
integrated by the synthetic resin 21 after being connected, heat of the molten resin 
10 penetrates to the tip end portion, whereby the tip end portion is softened and 
wraps the connecting wire 71 housed inside, and thus the effect of preventing the 
connecting wire 71 from slipping off is further enhanced. 

[0105] When the connecting wire housing grooves 55a to 55c are provided 
side by side at two or more spots, namely, the connecting wire housing grooves 
15 are placed as the connecting wire housing grooves 55a and 55b shown in Fig. 12, 
the connecting wire housing grooves 55a and 55b are placed so that the height 
positions differ from each other via a step portion. The height position in this 
embodiment means the height in the axial direction. 

[0106] In this embodiment, the connecting wire housing groove 55a at the 
20 outer periphery side is formed to be lower by one step than the connecting wire 
housing groove 55b at the inner periphery side. According to this, the molten 
resin smoothly flows inside a mold cavity, and therefore the molten resin can be 
poured into the mold cavity without forming clearances (voids) or the like 
between the stator core 2 and the synthetic resin 21. 
25 [0107] It is preferable that each of outer wall surfaces 57a at the inner 
periphery side of the connecting wire housing grooves at the inner diameter side 
(the connecting wire housing grooves 55b and 55c in this embodiment) among the 
connecting wire housing grooves 55a to 55c is constituted of a tapered plane 
inclined toward the radial direction. According to this, the molten resin poured 
30 from the center to the outer perimeter side can be flown to the outer periphery 
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side more smoothly. 

[0108] Further, as the means for making the molten resin flow more easily, 
resin introducing passages 521a and 531a, which enhance the flow of the resin 
when the pole members 5m to 5u are connected and integrated, are provided at 
5 parts of the flanges 52a and 53a. The resin introducing passages 521a and 531a 
are constituted of a channel-shaped grooves formed at the inner diameter sides of 
the flanges 52a and 53a along the radial direction, and from them, the molten 
resin flows into the outer periphery portion through the side surfaces of the 
flanges 52a and 53a. 

10 [0109] In this embodiment, the resin introducing passage 521a and 531a are 
provided at only one spot along the radial direction of the inner periphery side of 
each of the flanges 52a and 53a, but the resin introducing passages may be 
provided at, for example, a plurality of spots, and the number and the shape of 
them are not especially limited. 

15 [0110] The connecting wire housing grooves 55a to 55c are respectively 
provided with catching grooves 56a to 56d notched along the radial direction. 
The catching grooves 56a to 56d are provided at two spots at each of the 
connecting wire housing grooves 55a to 55c, and by catching part of the 
connecting wire 71 by them, the connecting wire 71 is prevented from being 

20 disengaged during transportation or the like. 

[0111] Assembly and wire connection procedure of each of the stator cores 
5m to 5u is basically the same as the aforementioned first embodiment, but in the 
case of a nine slot type, it is necessary to dispose the U, V and W phases in the 
order of (+) — » (-) — * (+), and therefore it is necessary to reverse the winding 

25 direction of the middle stator cores, or to connect the connecting wire reversely. 

[0112] After assembling the stator cores 5m to 5u, they are formed as the 
stator 2 by performing insert molding by the synthetic resin 21. The resin in the 
molten state is usually poured into the cavity from the center of the stator 2, and 
flown toward the outer periphery side, but in the second embodiment, the design 

30 to make the flow of the molten resin smooth is made by forming the connecting 
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wire housing grooves 55a to 55c on the side surfaces of the flanges 52a and 53a, 
by providing the tapered plane, and the like, and therefore the stator 2 with more 
uniform quality can be obtained. 

[0113] When each of the pole members is fixed permanently by the synthetic 
5 resin 21 finally as in the above, the second connecting means provided at the 
inner periphery side of each of the pole members are not necessarily needed. In 
the above-described example, a pair of rotors 31 and 32 are included, but one side 
rotor may be used. Like this, the present invention includes various 
modifications within the scope without deviating the spirit of the present invention 

10 and within the range which is considered to be technically equivalent. 

[0114] It is preferable that in the stator iron core 51 incorporated in each of 
the pole members 5a to 51 (the first embodiment), and 5m to 5u, the projection 
areas of the flanges 511 (512) and 512a (513a) to the plane orthogonal to the 
lamination direction are the same at the left and the right irrespective of the 

15 presence and absence of the skew, as shown in Figs. 13A and 13B. 

[0115] Namely, as shown in Fig. 13A, the projection areas of the flanges 511 
and 522 formed at the left and the right with the winding portion 513 at the center 
between them are laterally symmetrical in the case without the skew. 
[0116] As shown in Fig. 13B, when the skew 511a is formed in a gap of the 

20 tooth 51a, part of the winding portion 514a is formed to jut out to the side of the 
flange 513a, whereby each of the projection areas of the left and right flange 
portions 512a and 513a to the orthogonal plane to the lamination direction is 
formed to be the same. 

[0117] According to this, the areas become the same, and therefore the 
25 winding wire can be housed uniformly without extending off the pole member. 

Since the winding wire does not extend off the pole member, the pole members 
can be disposed without interfering with each other. 

[0118] In the case without having the stator iron core 51, the same effect can 
be obtained by making the projection areas of the flange portions 52a and 53a, 
30 which are formed at each of the insulators 5a to 5u, the same. 
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[0119] According to this axial gap electronic motor, the connecting wire 71 is 
settled easily, whereby favorable assembling performance is obtained and 
productivity is enhanced. Degree of flexibility of design in the specification and 
winding of the coil is high, and highly efficient motor can be obtained. 
5 Furthermore, each part is integrally assembled, and thereby the motor can be 
produced at lower cost. 
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